Introduction: This study was carried out to investigate the expression of connective tissue (Collagens I and III), glia and neuronal markers in the testis of the African giant rat using histology and immunohistochemistry techniques. Materials and Methods: Eight (8) apparently healthy wild male African giant rats were used for this experiment, divided into 2 groups (juvenile and adult) of 4 animals each. The testes were harvested following intracardial perfusion of the rats and histology was performed using Haematoxylin-Eosin stain and Mallory-Heideinhain rapid one-step staining for connective tissue. Immunohistochemical identification was achieved using the following antibodies: anti-collagen type I, anti-collagen type III, anti-glial fibrillary acidic protein and anti-p75 nerve growth factor for the expression of collagen type I, collagen type III, astrocyte-like cell and neuronal cells respectively. Photomicrography was achieved using Axioskop  microscope and quantitative data were analyzed using student t-test. Results: The cyto-architecture of the testis was typical in the African giant rat. The connective tissue expressed in the juvenile and adult group, signaling of glial-like cells were seen in the perivascular region across the experimental groups. Immuno-localization of neuronal cells were seen in the interstitial spaces across all the groups, but with more expressions in the juvenile. Conclusion: This work has provided a clear description of the expression of connective tissue, neuronal and glial cells in the testis of the African giant rat and their possible relationships across juvenile and adult groups.
Introduction
The African giant rat, AGR (Cricetomys gambianus, Waterhouse), is one of Africa's largest rodents valued as an important food item (JOO, 2004) . They are highly prolific breeders producing several litters all year round, with the testicular structure and functions demonstrated to play vital roles in this fecundity (OKE, 1985 (OKE, , 1988 .
The mammalian testis essentially consists of seminiferous tubules enmeshed in a web of loose connective tissue, rich in blood and lymphatic vessels, nerves and interstitial (Leydig) cells (JUNQUEIRA and CARNEIRO, 2007) . Leydig cells constitute the endocrine component that synthesize and secrete testosterone, while Sertoli cells provide mechanical and nutritive support for the spermatogenic cells, and also function in blood-testis barrier (BTB) (ROBILLARD, HOQUE and BENDAYAN, 2012) . These interstitial components have been shown to have significant impact on reproductive health in mammals. For instance, the BTB acts as the "fence" and "gate-keeper" protecting the testis from the vagaries of systemic circulation and thus, possess physically restrictive characteristics that filter the entry and exit of molecules (CHENG and MRUK, 2012) . The BTB also confers cell polarity in the seminiferous epithelium; creates an immunological barrier and is necessary for spermatogonial stem cell differentiation during spermatogenesis in the testis (CHENG and MRUK, 2012; FIJAK, BHUSHAN and MEINHARDT, 2011) . It has been proposed that most testicular capillaries contribute to this barrier by complementing the epithelial components formed by the tight junctions of apposing Sertoli cells (HOLASH, HARIK, PERRY et al., 1993) . Testicular microvessels are endowed with several markers of barrier properties. High density of GLUT-1, a glucose transporter, in the testicular endothelium may be a necessary marker for barrier endothelium, suggesting the probable role of testicular endothelium in the BTB. The contribution of Leydig cells to the BTB has been demonstrated in the rat testis (HOLASH, HARIK, PERRY et al., 1993) , where they are thought to be analogues of astrocytes because of their intimate proximity to testicular microvessels, their ectodermal origin, and their biochemical and cytoskeletal similarities in their expression for astrocyte markers. Thus, they function, in part, to induce and/or maintain barrier features in testicular capillaries (HOLASH, HARIK, PERRY et al., 1993; ROBILLARD, HOQUE and BENDAYAN, 2012) .
In the central and peripheral nervous systems, glia cells are usually located alongside nerves as support cells. Astrocytes in particular, serve various functions among which is the maintenance of blood-brain barrier (PASQUINI, SPURGEON and PASQUINI, 1997) . Glial Fibrillary Acidic Protein (GFAP) is an intermediate filament, expressed in astrocytes (SOFRONIEW and VINTERS, 2010) and in non-myelination forming Schwann cells (HOMMA, BEERMANN and MILLER, 2011) . It has also been demonstrated in a number of non-nervous tissues amongst which are the Leydig cells of the rat and human testes (HOLASH, HARIK, PERRY et al., 1993; DAVIDOFF, MIDDENDORFF, KÖFÜNCÜ et al., 2002) . Collagen on the other hand, is the most abundant structural protein in the extracellular matrix of various connective tissues with the principal function of providing tensile strength and structural support for other tissues and organs in the body (DI LULLO, SWEENEY, KÖRKKÖ et al., 2002; YOUNG, LOWE, STEVENS et al., 2013) . Different collagen types have been identified, with types I, II and III being the most abundant (LODISH, BERK, MATSUDAIRA et al., 2003) . Interstitial collagen type I and III distribution in the developing rat testis reveals a correlation between the differentiation, organization, and abundance of the mesenchyme and the differentiation of the testicular cords (PARANKO, 1987) .
This paper aims at providing information on the nervous, glial and connective tissue infrastructure of the testis of the African giant rat, with suggestions in their possible roles in AGR spermatogenesis, as part of study involving this species of rodent which is eaten in many parts of West Africa and is increasingly being used as research animal models in reproduction.
Materials and Methods
Eight (8) apparently healthy male African giants rats (4 juveniles and 4 adults) were acquired from the wild by local hunters in Ibadan, Oyo State located within the South-Western region of Nigeria. Age estimations and classifications as juveniles (between 70g and 500g) and adults (above 500g) were done in accordance with the study of Ajayi (1974) . These rats were transported in ventilated metal cages to the Animal House, Faculty of Veterinary Medicine, University of Ibadan, Ibadan; where they were stabilized, housed and fed ad libitum for 3 days. All animals were sedated (Ketamine 10mg/kg intramuscular) and perfused transcardially, first with normal saline and then followed by 4% Phosphate Buffered Formalin (PBF). Thereafter, both right and left testes of all animals were surgically excised, post-fixed in 4% PBF for 48 hours, and then changed to 1% Sodium Azide in 1M PBS until ready for tissue preparation into paraffin blocks. Processed paraffin blocks were sectioned at 5µm thickness and stained with Haematoxylin and Eosin (H&E) and Mallory-Heideinhain rapid one-step staining procedures.
Immunohistochemistry (IHC): Sections were dewaxed in two changes of xylene for 5 minutes each, rehydrated in decreasing concentrations of ethanol (100%, 100%, and 95%) for 30 seconds each, followed by washing of slides in running water for 5 minutes. Antigen retrieval was achieved in 10mM Sodium Citrate buffer, pH 6 (720 W) for 10 minutes and allowed to cool at room temperature for 20 minutes. The slides were then washed in TBS, pH 7.4 for 5 minutes. Endogenous peroxidase was blocked with 1% H 2 O 2 in methanol for 15 minutes at room temperature; washed in 3 changes of TBS for 5 minutes each. All sections were then incubated in 5% normal goat serum (100µL per section) for 45 minutes. Sections were then incubated overnight at 4 o C with primary antibodies, anti-GFAP and anti-p75 nerve growth factor, NGF (abcam, ab 7260 and ab 8874; 1:2000 and 1:700 dilution factors respectively) diluted in TBS.
Anti-GFAP and anti-p75 NGF: Sections were allowed to acclimatize to room temperature for 10 minutes and then gently washed thrice in TBS for 5 minutes at room temperature. The sections were incubated with biotinylated secondary antibody, goat anti-rabbit (Vector Laboratories, Inc; Burlingame, CA; 1:1000 dilution factor) for 30 minutes; after which they were washed in 3 changes of TBS for 5 minutes each. Slides were incubated with Avidin Biotin Complex (ABC) reagent in TBS (Vector Laboratories, VectaStain  ABC kit) 25µl of A + 25µl of B in 1250µl TBS for 30 minutes. Washing of slides was later done in TBS 3 times for 5 minutes each, incubated with DAB (Sigma-Aldrich  ) solution for 5 minutes, and rinsed in running water for 5 minutes.
Anti-collagen I and anti-collagen III: Sections were brought out from 4 °C, and allowed to acclimatize to room temperature for 10 minutes. Washing was done 4 times in PBS for 5 minutes each. The slides were incubated with secondary antibody, (Biotinylated goat anti-rabbit, abcam kit, ab 64261; dropped directly on each section) for 10 minutes. They were then washed thrice in PBS for 5 minutes each under gentle shaking at room temperature. Incubation with StreptAvidin HRP, horse radish peroxidase (abcam kit, ab 64261) was done by directly applying the kit straight to the sections and incubated for 30 minutes. Slides were later washed in 3 changes of PBS for 5 minutes each, incubating with DAB (abcam kit, ab 64261; 50 drops of DAB substrate + 1 drop chromogen) for 5 minutes. The reaction was stopped by rinsing the slides in running tap water for 5 minutes. Counter-staining was performed for all sections in haematoxylin for 30 seconds and excess stain was washed off under running water for 5 minutes. Subsequently, the sections were dehydrated rapidly through increasing grades of ethanol (95%, 100% and 100%) for 30 seconds each; and then cleared in 2 changes of xylene for 5 minutes each. The sections were then mounted with Entellan  , cover-slipped and allowed to dry. Digital Photomicrographs were captured using Zeiss Axioskop 2 plus  and Zen  softwares. Three testicular parameters (seminiferous tubular diameter, germinal height and luminal diameter) were measured (in microns) and expressed as mean ± SEM. Quantitation of IHC signal intensities was performed using ImageJ software (1.46r version) and results represented in bar charts. All quantitative data obtained were statistically evaluated, comparing between the juvenile and adult groups, with Graphpad Prism 4 system using unpaired Student's t-test (two-tailed). Statistical significance was reported at p < 0.05.
Results
Histological studies: The cross sections of the testes were typical for rodents with H&E stain ( Figure 1A ). The lumen of the seminiferous tubules of the juvenile AGR had little or no spermatozoa compared to those of the adults (Figures 1B and 1C) .
Connective Tissue Studies (Collagen Stain: Mallory-Heideinnain stain): The testis of the juvenile AGR stained with varying shades of blue indicating the ground substance, mucus, amyloid and certain hyaline substances (Figure 2A ). The adult testicular tissue showed heterogenic staining pattern; the testicular capsule stained intense blue indicating the presence of collagen fibre while myoglia and neuroglia fibres at the basement membrane of the seminiferous tubules, and the interstitial spaces of testicular tissues stained red ( Figures 2B and 2C) .
Histomorphometry (Seminiferous tubular diameter):
The seminiferous tubular diameter and luminal diameter of the adult AGR was significantly higher than that of the juvenile group (Figures 3A and 3B) . However, there was no statistically significant difference in the germinal heights of the seminiferous tubules between both groups ( Figure 3C ).
Collagen Type I Studies: Regional expressions of collagen type I in the juvenile group were seen at the basement membrane of the seminiferous tubule as well as the interstitial spaces and cytoplasm of the spermatocytes. It was however more evident at the testicular capsule ( Figure 4A) . A similar but stronger expression pattern was observed in the adult group, with 
Neuronal infrastructure of the AGR testis:
The neuronal infrastructure of this rodent's testis was demonstrated with p75 NGF-positive immunostaining along the interstitial spaces of the seminiferous tubules and also in the basement membrane of both juvenile and adult groups ( Figures 7A and 7B ). Several spermatocytes in the tubules also showed positive signals for anti-p75 NGF antibody. The intensity of the signals appeared to be higher in the juvenile group than in the adult group ( Figure 7C ).
Discussions
The cytoarchitecture of the testes as revealed by H & E is typical for the AGR, (OKE, 1985 (OKE, , 1988 , with the juvenile testis showing little or no spermatozoa in the lumen of the seminiferous tubule. Juvenile AGRs are sexually immature the tail of the spermatozoa also immune-positive to type I Collagen ( Figures 4B and C) .
Collagen Type III: Immuno-expressions of collagen type III in both age groups were similar to that of the collagen type I (Figures 4D and E) . The adult AGR testis had a greater signal intensity for collagen type III than the juvenile group ( Figure 4F) .
Collagen Capsule thickness: The thickness of the collagen types I and III stained testicular capsules were significantly higher in the adult group than in the juvenile group ( Figures 5A and 5B) .
GFAP IHC Studies: GFAP expressions in the testicular tissue were confined to perivascular regions in the interstitial spaces in both juvenile and adult AGR (Figures 6A and 6B) . The signal intensity of GFAP-positive cells was higher in the adult group than in the juvenile group ( Figure 6C) . from juvenile to adult, the glial and neuronal expression reduces. The latter observation agrees with the findings of Olude, Mustapha, Aderounmu et al. (2015) where glial and neuronal populations were noted to decrease with age in the AGR brain. There was immuno-localization of GFAPpositive cells in the web loose connective tissue of the testis around blood vessels. These GFAP-positive cells may be perivascular astrocytes similar to those described in the AGR brain (OLUDE, MUSTAPHA, ADEROUNMU et al., 2015) . Astrocytes have been known to perform many functions in the central nervous system, among which are the astrocyte end-feet encircling the endothelial cells that form the bloodbrain barrier (SOFRONIEW and VINTERS, 2010) . Its presence therefore in the interstitial spaces of the testis further suggests that Leydig cells located in the interstitium may play a part in the blood-testis barrier (HOLASH, HARIK, PERRY et al., 1993) . This is however contrary to previous belief that the blood-testis barrier is formed solely by the Sertoli cell (YOUNG, LOWE, STEVENS et al., 2013) . The expression of GFAP perivascular astrocyte-like cells in the AGR testis may be vital to the immunity and functions of this tissue.
In the rat testis, neuropeptide receptors have been detected in the tunica albuginea and around the intracapsular blood vessels (RAUCHENWALD, STEERS and DESJARDINS, 1995; PROPERZI, CORDESCHI and FRANCAVILLA, 1992; KOPP, ZHANG and HOKFELT, 1997) , with profound effects on testicular blood flow (COLLIN, ENFÄLT, ASTRÖM et al., 1998) . In this study, using IHC methods, we detected both immunoreactive cells for the neuronal marker p75 NGF in perivascular regions, along with age-related differences as shown in our colorimetric density studies. Such differences as against their adult counterparts who are sexually matured as evidenced by the presence of spermatozoa in the lumen of their seminiferous tubules. The smaller values of the seminiferous tubular diameter and luminal diameter in the juvenile AGR as compared with the adult group may be as a result of sexual immaturity of these rats. Seminiferous tubule basement membrane plays an important role in spermatogenesis (KAHSAI, ENDERS, GUNWAR et al., 1997) . In the present study, the organization of types I and III collagen of the AGR was investigated. Collagens are known to develop unto maturity and function in reproduction (ENDERS, KAHSAI, LIAN et al., 1995; HARVEY, PERRY, ZHENG et al., 2006) . Nonetheless, the ultrastructural organization of collagen vary substantially between animals and even between different parts of the same animal (PARRY and CRAIG, 2008) . However, immunohistochemistry was a more sensitive technique which characterized the collagen I and III across both age groups. It is to be noted that the collagen expression was more intense in the adult group than the juvenile. This may suggest progressive increase in collagen density; buttressing the fact that collagen provides the needed structural and metabolic support, and tensile strength necessary for sexual maturity and spermatogenesis (ENDERS, KAHSAI, LIAN et al., 1995; HARVEY, PERRY, ZHENG et al., 2006) . Development of the testes in the mammalian embryo requires the formation and assembly of several cell types that allow these organs to achieve their roles in male reproduction and endocrine regulation of which collagen plays an important role (ZHU, TANG, SU et al., 2015) . In this light, collagen types I and III IHC expressions and density can be used as markers to indicate degree of sexual maturity in the testis. Whereas collagen expression increases have been reported in the Rhesus Monkey where immature Monkeys were thought to have intrinsic neuron-like cell bodies only in the testes until about 3 years of age, while those of the adult Monkeys were thought to be representing mainly the extrinsic innervation. They also became more prominent after the pubertal increase in LH and testosterone levels (FRUNGIERI, GONZÁLEZ-CALVAR, RUBIO et al., 1999) , indicating that plasticity is influenced by hormones in neuronal cell expressions.
Neuronal cells were shown to be expressed in the loose connective tissue region as well, at the interstitial spaces which are in accordance with previous report in other rodent species (PARVINEN, PELTO-HUIKKO, SODER et al., 1992; LI, WATANABE, WENG et al., 2005) . It is speculative at this time to say that these cells may be Leydig cells. The greater intensity of neuronal cell expressions in the juvenile rats suggests that they are developing rodents which need more of nervous infrastructure in order to attain maturity. In addition, the immuno-positive reaction in the spermatocytes suggests a specific role of this receptor during spermatogenesis (PARANKO, 1987) . Nonetheless, the lower expression and intensity of neuronal cells seen in the fully matured adult group may be the effects of androgens on neuronal cells similar to that reported in the brain (ARAI, MURAKAMI and NISHIZUKA, 1994; SEIDL and HOLSTEIN, 1990) . This insinuates that adult animals favour more of hormonal influences for proper reproductive capabilities since maturity has already been attained. Although the mechanisms governing these changes were not explored, this suggests that neuronal signals may act directly and/or indirectly to regulate testicular development and function.
Conclusion
This work has provided a clear description of the expression of connective tissue (collagen), glial and neuronal cells in the AGR testis and their possible relationship. This research is perhaps the first report on the neuronal and glial infrastructure of this rodent.
